Although several studies have shown a relationship between smoking and tuberculosis (TB), many of them were based on infection (1-3) or mortality rate (4) (5) (6) (7) . Because of the diagnostic uncertainty related to latent TB infection and the rapidly reduced TB mortality after the introduction of effective treatment, it is not clear whether the association is causal. Although a few studies examined the relationship between smoking and the development of TB (8) (9) (10) (11) (12) (13) , they had various limitations such as the case-control or cross-sectional design, small sample size, and inadequacy in controlling confounders. A large longitudinal study that adequately controls for the main confounders and other background socioeconomic variables is required to clarify the ongoing controversy.
In Hong Kong, smoking and TB are both common conditions. The prevalence of smoking is much higher in males than females (14) . Over 20% of adult males are daily smokers (14) . The annual TB notification rate is approximately 100 per 100,000 and is substantially higher in males and those aged over 65 years (15) . The Elderly Health Service provides a health maintenance program through 18 elderly health centers situated in different parts of Hong Kong. Publicity and recruitment are directed at the elderly living in the community. Institutionalized people are not targeted. Enrollment is entirely voluntary with a small fee equivalent to U.S. $14, but the fee is waived for those on public financial assistance. For each client on first enrollment, a trained nurse administers a standardized questionnaire, which collects information on the Hong Kong identity card number, smoking history, sociodemographic situation, and health status. The key variables are entered into a structured database and are regularly checked for completeness. After the baseline health assessment, health education and individual counseling are given. Subsequently, clients may also attend the health centers for curative care and health education at any time. Patients with symptoms suspicious of TB are referred to the 18 chest clinics under a centralized TB and Chest Service of the Department of Health. In Hong Kong, medical practitioners are statutorily required to notify TB to the Department of Health. The notification database is held by the TB and Chest Service and has been computerized with the identity card number as the unique identifier. The high incidence of TB and the availability of appropriate service infrastructure provided a unique opportunity to examine prospectively the relationship between smoking and TB in Hong Kong.
METHODS
A cohort of clients who first enrolled at the 18 elderly health centers from January 1, 2000, to December 31, 2000, was retrospectively assembled. Information on the date of enrollment, name, sex, age, identity card number, smoking status, alcohol use, language spoken, education level, marital status, housing situation, working status, public financial assistance status, monthly expenditure, self-rated health status, hospital admissions during the past 12 months, and co-existing medical conditions was retrieved from the baseline health-assessment database of the Elderly Health Service. The data were entered into a Microsoft Excel spreadsheet. A never-smoker was defined as one who had never smoked as many as one cigarette a day or equivalent for the duration of 1 year. An ever-smoker was defined as one who had smoked at least one cigarette a day for at least 1 year. An ex-smoker was defined as an ever-smoker who had stopped smoking for at least 1 year. A current smoker was defined as an ever-smoker who was still smoking during the past year. A regular drinker and a social drinker were defined as one who drank on 4 or more days per week and on 3 or less days per week, respectively. An ex-drinker referred to a regular or social drinker who had stopped drinking. A never drinker was defined as one who had never been a regular or social drinker.
The baseline database was exported into Epi-info (version 6) (CDC, Atlanta, GA) format and was cross-matched prospectively with the death registry and the TB notification registry from the time of enrollment to December 31, 2002 . The vital status and the date of death were ascertained from the death registry. The duration of follow-up was defined as the period from enrollment to the date of notification of TB, death, or December 31, 2002, whichever was earlier. Information on date of TB notification, bacteriologic status, form of TB, and previous TB history was retrieved from the notification registry. The diagnosis and clinical information of all identified TB cases were verified by reviewing the medical records retrieved from the chest clinics and other relevant sources, as well as the public health records of the TB and Chest Service. An active case of TB was defined as disease proven by isolation of Mycobacterium tuberculosis, or in the absence of bacterio-logical confirmation, disease diagnosed on clinical, radiologic, and/or histologic grounds together with an appropriate response to anti-TB treatment.
Univariate analysis was first performed to analyze the effect of baseline smoking status on active TB, culture-confirmed TB, and other TB-related outcomes, as well as the relationships between smoking and other potentially confounding variables. Chi-square and Fisher exact tests were used as appropriate for categoric variables, and analysis of variance was used for numerical variables. Cox proportional hazards analysis (SPSS version 10) was then used to control for all the confounding baseline variables by the enter method. A two-tailed p value of less than 0.05 was taken as statistically significant.
The risk of TB attributable to smoking within the cohort was derived by applying the adjusted hazard ratios (HR) to a modified version of the Levin formula (16):
Population attributable risk ϭ (observed rate Ϫ unexposed rate)/observed rate ϭ 1 Ϫ (unexposed rate/observed rate)
where N 1 , N 2 , N 3 were the number of current smokers, ex-smokers, and never-smokers, respectively, and HR 13 and HR 23 were the adjusted HRs of current smokers versus never-smokers and ex-smokers versus neversmokers, respectively. Never-smokers were used as the reference group with a HR of 1.
RESULTS
A total of 42,659 clients aged 65 years or more were recruited into the health maintenance program of the Elderly Health Service in 2000. Smoking history was absent in four, and they were therefore excluded, leaving 42,655 subjects in the cohort. The background characteristics of the cohort are shown in Table 1 . The data were over 99.9% complete for the variables listed. There were 2,830 current smokers (19.1%), 6,377 ex-smokers (43.0%), and 5,634 never-smokers (38.0%) among the males, and the corresponding figures for females were 1,036 (3.7%), 2,244 (8.1%), and 24,534 (88.2%). The mean age at enrollment was 72.6 Ϯ 5.3 (mean Ϯ SD) years, and ex-smokers were slightly older than the other two groups. Almost all (Ͼ 98%) of the three groups were ethnically Chinese speaking Cantonese. Significant differences were found among the three groups with respect to sex, language, marital status, housing situation, education level, working status, public assistance, monthly expenditure, participation in social activities in elderly/social centers, alcohol use, self-rated health, admission within past 1 year, and diabetes mellitus, chronic obstructive pulmonary disease, hypertension, heart disease, and cerebrovascular disease (all p Ͻ 0.05).
A total of 1,357 deaths were identified from the death registries. The mean duration of follow-up from the day of enrollment to death or December 31, 2002, was 891.6 Ϯ 138.3 (mean Ϯ SD) days overall and 874.5 Ϯ 171.5, 883.7 Ϯ 149.0, and 896.0 Ϯ 129.8 for current smokers, ex-smokers, and never-smokers, respectively (F ϭ 58.8, p Ͻ 0.001).
A total of 299 new TB notifications were identified from the TB notification registry during the period of follow-up, excluding all prevalent cases (26 males and 17 females) known to be suffering from TB at time of enrollment. Thirteen cases (two cases of carcinoma of lung, eight cases of nontuberculous mycobacterial infection, three cases of old lung scars) were found to have incorrect diagnosis after reviewing the records, leaving for analysis 286 cases of active TB, 186 (65.0%) of which were culture confirmed. A higher proportion of culture-confirmed TB cases was found among ever-smokers (current and ex-smokers) than never-smokers (70.1% vs. 58.9%, p Ͻ 0.05). Of the 286 active TB cases, 252 (88.1%) and 42 (14.7%) involved the lung (pulmonary) and sites other than the lung (extrapulmonary), respectively, including eight cases with both pulmonary and extrapulmonary involvement. Pulmonary involvement was more prevalent among ever-smokers than never-smokers (92.4% vs. 82.9%, p ϭ 0.01), and the reverse was true for extrapulmonary involvement (9.6% vs. 20.9%, p ϭ 0.01). Of 232 patients consenting to voluntary human immunodeficiency virus testing, only 1 patient (0.43%) was found to be human immunodeficiency virus infected. Significantly more current smokers developed TB and subsequently died (from any causes) within the follow-up period than ex-smokers and never-smokers (p Ͻ 0.001), although only 9 of the 37 deaths (24.3%) could be attributed directly to TB. The univariate odds ratios for the TB-related outcomes are as shown in Table 2 . Table 3 summarizes the results for active TB and culture-confirmed TB after stratification by alcohol use among the males.
The mean time interval from enrollment to notification of TB was 408.0 Ϯ 292.5 (mean Ϯ SD) days overall and 349.5 Ϯ 300.8, 427.6 Ϯ 297.0, and 425.4 Ϯ 283.1 days for current smokers, ex-smokers, and never-smokers, respectively (F ϭ 1.80, p ϭ 0.17). The annual active TB rates were 274 per 100,000 overall and 735, 427, and 174 per 100,000 for the three groups, respectively (p Ͻ 0.001). The corresponding rates for males were 486 (overall), 876, 506, and 275 per 100,000, whereas those for females were 163 (overall), 357, 202, and 151 per 100,000 (both p Ͻ 0.001). Figure 1 shows the cumulative hazards for active TB with respect to baseline smoking status after adjustment for potentially confounding variables. Table 4 shows significant trends of adjusted HRs for all TB-related outcomes among current smokers, ex-smokers, and never-smokers, the only exception being extrapulmonary involvement.
Among the current smokers, the mean number of cigarettes smoked per day was 11.01 Ϯ 7.89 (SD) overall and 13.43 Ϯ 8.76 and 10.96 Ϯ 7.87, respectively, for those who developed active TB and those who did not (F ϭ 6.52, p ϭ 0.01). There was a statistically significant trend in the risk of TB with increasing number of cigarettes smoked for both active TB and cultureconfirmed cases (both p Ͻ 0.05) ( Table 5 ). Such a dose-response relationship persisted even after adjusting for the same confounding variables.
On applying the derived HRs to the cohort, 32.8% (95% confidence interval [CI], 14.9-48.0%), 8.6% (95% CI, 3.3-15.1%), and 18.7% (95% CI, 7.7-30.4%) of the active TB cases were attributable to ever-smoking among males, females, and the overall cohort, respectively. By multiplying the annual active TB rates of 486/100,000 for males and 163/100,000 for females in this cohort by one minus the corresponding attributable risk, the baseline rates in the absence of smoking were 327/100,000 and 149/100,000, respectively. The sex difference was reduced from 323/100,000 to 178/100,000. Smoking therefore accounted for 145 of the 323 excess male cases per 100,000 person-years or 44.9% (95% CI, 20.7-64.6%) of the observed sex difference.
DISCUSSION
According the 2001 census (17) , there were 747,052 persons (including those institutionalized) aged 65 years or older in Hong Kong. This cohort therefore constituted 5.7% of the elderly subjects locally. As the Elderly Health Centers reached their maximum capacity within the first few years of operation, those who enrolled early were likely to represent the more healthconscious sector of the elderly population. The proportion of males was only 34.8%, significantly lower than the corresponding figure of 46.2% in the 2001 census (17) . Selection factors, especially those related to the Inverse Care Law (18), might have been at work. Elders with the highest morbidity and most in need of care might be least likely to come forward for the health maintenance program. Despite these, the smoking prevalence and TB incidence in both sexes were fairly representative of the population. In this study, 19.1% of males and 3.7% of females were current smokers, whereas a territory-wide General Household Survey reported 21.8% and 4.9% of current daily smokers among males and females aged 60 years or more, respectively, in 2000 (14) . High TB notification rates of 274 (overall), 486 (males), and 163 (females) per 100,000 were reported in this cohort. These were comparable to the reported population agespecific notification rates of 342 (overall), 552 (males), and 145 (females) per 100,000 for those aged 70 to 74 in 2000 (19) . As we examined the differences between subgroups in this cohort, there should be good internal validity. Both current smokers and ex-smokers were found to have a higher risk of TB than never-smokers. As smokers were more likely to have smoking-related symptoms, it could be argued that these symptoms might have motivated them to seek healthcare, thereby resulting in incidental diagnosis of TB. However, the association between smoking and TB persisted even when only culture-confirmed cases were considered. Indeed, the adjusted HRs were substantially higher. It might also be argued that symptomatic patients were more likely to join the elderly health program and that this might have caused a spurious association between smoking and TB. However, the association persisted even if cases notified less than 3 months after enrollment were excluded.
Although a moderate degree of association between smoking and TB has been reported by various studies, controversy remains as to whether this reflects just the conglomerate effects of various background variables associated with both conditions. In this study, there were substantial differences in the background variables across the three smoking categories. Alcohol use is a well-known confounder (20, 21) . However, as shown in Table 3 , a statistically significant increase in TB risk persisted even after stratification by alcohol use. The odds ratios were relatively consistent, even though some of the p values failed to reach statistical significance, especially among those categories with fewer patients. The result of voluntary human immunodeficiency virus testing was comparable to the figure of 0.37% reported by unlinked anonymous urinary testing for TB patients of all age in 2001 (22) . With such low prevalence, human immunodeficiency virus infection was not likely to be an important confounding factor. After controlling for all of the studied variables, the increased risk among current smokers and ex-smokers persisted for all TB-related outcomes with the only exception of extrapulmonary involvement (Table 4) . Although substantial mortality was seen among this study cohort, only a minority of the deaths were associated with TB before or at time of death (Table 2) . With the availability of effective chemotherapy, it is much less likely for TB to result in death. Indeed, in this study, only a very small proportion of deaths was directly attributable to TB. Such a low proportion may seriously limit the role of mortality studies in quantifying the risk within this locality. In a previous mortality study by TABLE Lam and colleagues in Hong Kong (5), the adjusted risk ratios for respiratory TB deaths (ever-smokers versus never-smokers) were only 1.63 (95% CI, 1.01-2.64) for men aged 70 years or more and 1.03 (95% CI, 0.49-2.15) for women aged 70 years or more, which were substantially lower than those reported in this study. Undernotification is always a concern for all notifiable diseases (23) . In a local audit of TB notifications by reviewing discharge code and microbiological or hospital reports, the undernotification rates were found to be 3.0%, 27.6%, and 31.4% for chest clinics, chest hospitals, and general hospitals, respectively, in 1995 (24) . In response to these findings, major improvements had been made, including specially assigned infection control nurses in hospitals, reminders for notification, cross-matching of positive TB cultures with the notification registry, as well as counterchecking of TB treatment cases in chest clinics, and TBrelated deaths in the death registries. Notifications from sources other than chest clinics increased drastically from 1,918 cases in 1995 to 3,354 cases in 1998, whereas those from chest clinics stayed at slightly over 4,000 cases per year (25) . The overall notification rate also increased from 101 per 100,000 in 1995 to 116 per 100,000 in 1998 (25) . These likely reflected the consequential improvement in the notification, as demonstrated in a previous study in two London hospitals (26, 27) . As this cohort was already under the care of a service in the Department of Health and had ready access to the chest clinics in the same department for free TB treatment, it would be reasonable to expect a fairly complete notification. Definition of abbreviations: CI ϭ confidence interval; HR ϭ hazard ratio; TB ϭ tuberculosis. * Adjusted hazard ratio, adjusted for sex, age, alcohol use, language, marital status, education, housing, working status, public financial assistance status, monthly expenditure, participation in social activities, self-rated health status, hospital admission within 12 months, diabetes mellitus, chronic obstructive pulmonary disease, hypertension, heart disease, and cerebrovascular disease, with categories as listed in Table 1 .
STRATIFIED ANALYSIS OF ACTIVE TUBERCULOSIS AND CULTURE-CONFIRMED TUBERCULOSIS BY SMOKING STATUS AFTER STRATIFICATION BY ALCOHOL USE AMONG THE MALES

TABLE 4. ADJUSTED HAZARD RATIOS OF TUBERCULOSIS-RELATED OUTCOMES BY SMOKING STATUS IN COX PROPORTIONAL HAZARDS ANALYSIS
In this study, data on changes in smoking habit within the period of follow-up were not available. However, a relatively large cohort has been assembled to minimize the period of follow-up required to detect a significant difference in TB rates. Even if information on such changes was systematically collected, it would be exceedingly difficult to delineate whether they represented cause or effect. A relatively long cessation period of up to 1 year was employed to distinguish between current smokers and ex-smokers, and this should have minimized the short-term fluctuations associated with abortive smoking cessation attempts. It was only possible to study the doseresponse relationship among current smokers, as details of the smoking patterns among the ex-smokers were not available in sufficient details. It was also not possible to study the effect of duration of smoking, as this was not included as a data field in the computerized database. Furthermore, such information was missing in a substantial proportion of the hard copies of the questionnaires. However, it should be noted that cumulative doses of cigarettes smoked in terms of pack-years may not necessarily reflect the current risk, as ex-smokers were found to have lower risk than current smokers. Smoking habits may change substantially with time. Accurate data on cumulative doses of cigarettes are relatively difficult to obtain. The number of cigarettes smoked currently is probably least subject to recall bias among the elderly, some of whom may have impaired memory.
The association of smoking with the pulmonary, but not the extrapulmonary, form of TB is an interesting finding, which was also reported in a case-control study involving 851 TB patients (28) . It might be postulated that smoking is associated with increased exposure to TB, not increased susceptibility. However, this cohort involves an ambulatory group of the elderly within the general community, and the majority of TB cases in Hong Kong appear to arise from reactivation (29) . An alternative explanation is the site-specific effect of an airborne insult. Tobacco smoke has been reported to have various effects on the lung in both animal and human studies (30) (31) (32) . More specifically, smoking has been associated with changes in pulmonary macrophages (33) and lymphocytes (34), which play a major role in cellular immunity. Among smokers, TB appears to cause more aggressive lung lesions, especially in the upper zones of the lung (28) . Although these observations lend support to the airborne insult hypothesis, the exact underlying mechanism has yet to be elucidated. Definition of abbreviations: HR ϭ hazard ratio; TB ϭ tuberculosis. * Adjusted hazard ratio, adjusted for sex, age, alcohol use, language, marital status, education, housing, working status, public financial assistance status, monthly expenditure, participation in social activities, self-rated health status, hospital admission within 12 months, diabetes mellitus, chronic obstructive pulmonary disease, hypertension, heart disease, and cerebrovascular disease, with categories as listed in Table 1 .
† Probability for chi square for trend across categories of numbers of cigarettes smoked per day.
A clear relationship between smoking and TB has been demonstrated among a cohort of the elderly within the general community in this longitudinal study. A consistent trend of risk was found among never-smokers, ex-smokers, and current smokers. A clear dose-response relationship has been shown between the number of cigarettes currently smoked and the subsequent risk of TB. The findings are also in line with studies published elsewhere (35) . With the strength of evidence available, it can be concluded that the relationship between smoking and TB is likely to be causal.
Smoking accounted for as much as 44.9% of the sex-related difference in TB rates in this cohort. A major contribution from smoking has also been reported in a cross-sectional study in Shanghai, China (11) . The increasing prevalence of smoking among the female population in the Asia-Pacific region is most alarming (36) , as this may further increase the very high TB prevalence and aggravate the social inequality in many countries of the region. In China, the interaction between smoking and the huge pool of infected individuals in an aging population is a serious concern. Directly observed therapy is relatively powerless in tackling the continuing endogenous reactivation, despite its effectiveness in reducing the risk of ongoing transmission. If we take into account the time, costs, and complications involved in directly observed therapy and treatment of latent TB infection and if smoking is indeed a causal factor for TB, tobacco control should be included as an important and urgent armament in the battle against TB. Apart from the primary preventive measures directed at the younger generation, smokers, including elderly smokers, should be strongly advised to quit. As shown in this study, cessation of smoking can reduce their risk of developing TB almost by half, in addition to many other benefits.
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